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Abstract

Biofuel crop - Physic nut

The biodiversity of AMF associated with physic nut at ten sites in six provinces of
Thailand: Chiang Rai, Chiang Mai, Loei, Lumphun, Khon Kean and Nong Khai, was
carried out between October 2006 — December 2007 by extracting spores from the
rhizosphere soils of physic nut. The following 34 morpho-species of AMF were obtained:
Acaulospora (17 species), Gigaspora (2 species), Glomus (10 species) and Scutellospora
(5 species). The diversity index (DI) ranged from 0.18 to 0.95 (average 0.49) and the
species richness of AMF ranged from 3 to 11 (average 6.1). Root colonization ranged
from 38-94% suggesting that physic nut is readily colonized by AMF.

Terminal restriction frangment length polymorphism (T-RFLP) analysis, based on
the large subunit of the rRNA gene, was used to assess the AMF community in roots and
rhizosphere soil. Chiang Mai province was chosen as the target area. Forty randomized
samples of rhizosphere soil and root samples from physic nut were collected from 6 sites
in April, 2008. DNA was extracted and T-RFLP data subjected to principle component
analysis. This study indicated that AMF communities in root and rhizosphere of physic
nut are diverse and distinct. Not all AMF species in the rhizosphere were detected in host
roots. Similar conclusions were made from T-RF analysis using three restriction enzymes
(Tagl, Hinfl, and Hsp96). Taql revealed the strongest difference in T-RF patterns of the
AMF community in this study.

Physic nut was used as a bait plant to trap compatible AMF in 10 field soil
samples in a greenhouse from June-September 2007. A whole clod of rhizosphere soil
(ca. 500 g) from each sample was place in the middle of 1.5 kg sterilized sandy soil in
black plastic pots. The spores in the soil were recovered after 90 days and the two most
abundant trapped AMF species from Chiang Mai sitel and Chiang Mai site3 were named
CMUO0S and CMU33.

The host preference of CMUO5 and CMU33 was examined in a factorial
experiment in a completely randomized block design consisting of 4 host species x 3
AMEF treatments x 3 replications. Corn (Zea mays L.), jobs tears (Coix lacryma-jobi L.),
rice (Oryza sativa L.) and sorghum (Sorghum bicolor (Linnacus) Moench) were
inoculated with 50 spores of the AMF or were left uninoculated. Plants were grown in a

screen-house for 120 days. Higher mycorrhizal colonization and spore production were
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found in sorghum than with the other hosts. CMUO5 and CMU33 promoted crop growth
over the control. Spore production of CMU33 did not occur in corn and that of CMUO05
was not observed in rice. It was concluded that sorghum is a suitable host plant to
produce and maintain spores of the two AMF.

Identification of dominant species; CMUO5 and CMU33 was based on
morphology and molecular analysis. CMUO5 was identified to either Entrophospora or
Acaulospora and CMU33 to Scutellospora according to morphology. Molecular analysis
was studied using 50 spores of each morphotype obtained from sorghum roots and the
soil rhizosphere of sorghum, were extracted and DNA was amplified using AMF primers
of SSU and LSU rDNA (NS31-AM1 and FLR3-FLR4, respectively). Sequences were
obtained using all of forward and reverse primers and compared to the sequences in the
internet databases. The percent similarity of SSU rDNA of CMUOS to Entrophospora
colombiana was 99% and of CMU33 to Scutellospora heterogama was 97%. The percent
similarity of LSU rDNA of CMUOS5 to E. colombiana was 91% and CMU33 to S.
heterogama was 97%. Sequences were aligned and tree generated for phylogenetic
analysis using MEGA 4.1 BETA. CMUO5 was not obviously in the same clade with E.
colombiana and CMU33 was close to S. heterogama in the same clade.

Compatible AMF species were selected on physic nut seedlings growth in sterile
soil from January-March 2008. Eight indigenous AMF inocula were were evaluated for
their effect on seedling growth in pot culture using 100 spores/seedling. AMF species
significantly increased biomass of seedling (height, stem diameter and shoot fresh weight)
compared to non-inoculated plants. Scutellospora sp. CMU33 was the most effective in
promoting growth.

The effect of spore density of compatible species with external phosphorus supply
was assessed in a preliminary trial April-June 2009. The design was a completely
randomized factorial design consisting of 4 spore densities (0, 50, 100, 200 spores per
plant) x 4 phosphorus levels (0, 50, 100, 200 mg P/kg of soil) x 4 replicates. It was found
that 100 spores of Scutellospora sp. CMU33 together with 100 mg P/kg of soil was

optimum for improving the growth of physic nut seedling in a greenhouse trial.
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Coffee

The arbuscular mycorrhizal fungi (AMF) associated with arabica coffee (Coffea
arabica L.) were discovered within rhizosphere soil samples of arabica coffee plantation from
five and four study sites in Chiang Mai (CM) and Chiang Rai (CR) provinces, northern
Thailand, respectively. Twenty-nine species belonging to three genera (Acaulospora spp.,
Ambispora spp. and Glomus spp.) in Glomeromycota were morphologically identified after
wet sieving and sucrose centrifugation method. G. aggregatum was the most dominant AMF
species.

The effect of AMF to coffee seedling growing in low phosphorus (P) soil revealed
that mixed AMF spore species can improve shoot height and root length. Four AMF species;
G. etunicatum, Acaulospora mellea, Ac. morrowae and Ac. scrobiculata propagated in vitro
enhanced coffee seedlings growth in sterilized infertile soil. Each AMF species enhanced
plant growth better than mixed inoculum, commercial and the control (non-inoculated). There
were no significant differences between plant growth in using 50 and 200 spores.

The soil samples were inoculated by trap pot culture procedure with maize (Zea
mays L.) and sorghum (Sorghum vulgare Pers.). Acaulospora mellea could be abundantly
propagated with maize while Acaulospora morrowiae could be better propagated with

sorghum and Acaulospora scrobiculata spores were moderately increased in both plants.

Food crops

The root colonization percentages of Acualospora,  Scutellospora, Paraglomus,
Glomus, and Achaeospora in cowpea (Vigna unguiculata), corn (Zea mays), job's tears (Coix
lachrymal-jobi), upland rice (Oryza sativa cv. Bue Bang), sorghum (Sorghum bicolor) and
pada (Macaranga denticulata) found that range from 60% to 100% except in upland rice. The
spore density in added soil with phosphorus 30 kg/hector less than added soil with 3 kg P
/hector. Although Acaulospora was dominant in this research but all AMF genus tested also

can improve shoot and root weight of plants, especially in soil with low phosphorus.
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The indigenous AMF for forest restoration plants

Arbuscular mycorrhizal (AM) fungal diversity was surveyed in the forest
restoration area of Doi Suthep-Pui Nation Park, northern Thailand. Twenty four
indigenous tree species, used for forest restoration in a degraded watershed area were
examined. Rhizosphere soil sample were collected and AMF spore were counted and
identified morphologically. AM spores were found in the rhizosphere soils of all tree
species. Twenty one AM species were identified: Acualospora (6 species), Glomus (12
species) and Scutellospora (3 species). AM fungi belonging to the genera Glomus and
Acualospora were dominant.Abundant species present were Acaulospora elegans, G.
multicaule and S. pellucid. These result showed that all 24 indigenous tree species were
associated with AM fungi and some AM species had a broad host range.

The effect of AM inoculation (Acaulospora elegans, Glomus etunicatum, Glomus
mosseae) together with phosphate fertilization (KH,PO,) on Castanopsis acuminatissima
seedling in a P-deficient soil were studied under greenhouse condition. Increasing P-
application rates greatly enhanced seedling growth. Growth was most rapid with G.
etunicatum-colonized plants with P application; whereas much lower height was found
with non-AM plants without P added.

The six AM fungi dominant species for forest restoration plants (A. elegans, A.
mellea, A. scrobiculata, G.etunicatum, G. mosseae, S. heterogama) were used as
inoculums for spore propagate on 5 plants species; sorghum (Sorghum vulgare), rice
(Oryza sativa), soy bean (Glycine max), corn (Zea mays) and marigold (Tegetes
erecta).After 4 month found that S. vulgare and Z. Mays were the best host plant for spore

propagation of A. elegans, G. etunicatum and G. mosseae.

Selection of host plants to increase AMF spores and suitable materials for storage
spores of AMF

The effects of AMF on 3 grass plants were evaluated after 3 months. The results
showed that the propagation of AMF spores in 3 grass plant was low. Propagation of Glomus
sp., Scutellospora sp. and Mycostar” spores in sorghum were significantly higher than Job’s
tear and Ruzi (P < 0.05) but root colonization and and spore production were low.

The propagation of Glomus etunicatum and Scutellospora sp. was carried out. Fifty
spores of Glomus etunicatum and Scutellospora sp. were applied and used as inoculum using

2 host plants; Chrysanthemum morifolium and Panicum maximum TD58 in 3 suitable
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carriers; sterilized peat (2000 ml.), sterilized soil mixed with sand (1:1), sterilized soil mixed
with sand and perlite (2:1:1). All the experiments were carried out for 3 months based on
Randomized Complete Block Design. There were 12 experiments with 4 replications.
Panicum maximum TD58 grew in soil mixed with sand and perlite significantly
increased the number of G. etunicatum (1604 spores/100 g.soil) with was higher than
Scutellospora sp. (55 spores/100 g.soil). It was found that the use of soil mixed with sand and

perlite as carrier for G. etunicatum provided high potential for AMF inoculum production.





